Objective To compare the risk of suicide in adults using the antidepressant venlafaxine compared with citalopram, fluoxetine, and dothiepin. Design Retrospective cohort study. Setting UK General Practice Research Database. Participants 219 088 patients, aged 18-89 years, who were prescribed venlafaxine, citalopram, fluoxetine, or dothiepin from 1995 to 2005. Main outcome measures Completed suicide and attempted suicide. Results Venlafaxine users had a higher burden of risk factors for suicide, including previous suicide attempts and proxies for severe depression or depression that was difficult to treat. In the analysis for completed suicides, unadjusted and adjusted hazard ratios for venlafaxine compared with citalopram were 2.44 (95% confidence interval 1.12 to 5.31) and 1.70 (0.76 to 3.80), for venlafaxine compared with fluoxetine were 2.85 (1.37 to 5.94) and 1.63 (0.74 to 3.59), and for venlafaxine compared with dothiepin were 2.54 (1.07 to 6.02) and 1.31 (0.53 to 3.25). Compared with other study drugs, venlafaxine was also associated with an increased risk of attempted suicide, but adjustment for measured confounders substantially reduced the hazard ratios. Conclusions Venlafaxine use was consistently associated with higher risk of suicide compared with citalopram, fluoxetine, and dothiepin. Venlafaxine users had a higher burden of suicide risk factors, however, and adjustment for measured confounders substantially reduced the excess risks. Since the secondary data used in this analysis allowed only indirect and partial measurements of potential confounders, it is possible that residual confounding explains much, if not all, of the observed excess risk.
Introduction
In late 2004 drug regulatory agencies in the United States and Europe warned that adults being treated with antidepressants should be monitored closely for worsening of depression and for increased suicidal thinking or behaviour, particularly at the start of treatment or when changing doses. 1 2 This action was largely in response to meta-analyses of randomised controlled trials in patients younger than 19 , which found that selective serotonin reuptake inhibitors and other newer antidepressants may increase the risk of suicidal thinking and self harm. 3 4 Three meta-analyses of clinical trials in adults, however, found no increased risk of suicide associated with antidepressants compared with placebo. [5] [6] [7] Observational studies have not found any substantial and consistent differences in suicide risk across commonly prescribed selective serotonin reuptake inhibitors and tricyclic antidepressants. [8] [9] [10] [11] [12] [13] No observational studies have, however, quantified a potential association between treatment with venlafaxine and risk of suicide.
Venlafaxine, a serotonin and noradrenaline reuptake inhibitor, is an antidepressant indicated for the treatment of depression and anxiety. In clinical practice it has often been prescribed for patients unresponsive to selective serotonin reuptake inhibitors or tricyclic antidepressants. 14 15 A recent observational study showed that patients treated with venlafaxine had a higher prevalence of risk factors for suicide, including previous suicide attempt, admission to hospital for depression, and diagnoses of schizophrenia and bipolar disorder than patients prescribed selective serotonin reuptake inhibitors. 16 We assessed whether the risk of completed and attempted suicide in patients prescribed venlafaxine differs from that in patients prescribed other antidepressants.
We carried out a retrospective cohort study in the general practice research database, which collects electronic medical records within UK primary care. 17 18 To minimise confounding by severity of disease, we selected the selective serotonin reuptake inhibitor citalopram as a comparator antidepressant. As citalopram and venlafaxine were introduced in the same year, we assumed that doctors would preferentially prescribe both agents to patients who were unresponsive to previously available therapies 19 and presumably had similar background risks of suicide. We also selected fluoxetine and dothiepin because they are the most commonly prescribed drugs within their respective classes.
Methods
We selected patients on the basis of an incident prescription (that is, first ever prescription in the patient's medical record) for venlafaxine, citalopram, fluoxetine, or dothiepin during the study period 1995 to 2005. After we applied the quality control criteria for the general practice research database, we restricted the study population to patients aged 18 to 89 years at the time of incident prescription for any study drug, and with a record of depression or anxiety. To characterise medical history, we selected patients with one or more years of follow-up within the database before the incident prescription.
Patients were followed from their incident prescription date until the earliest of completed suicide or first attempted suicide, the end of the study period, or the end of the patient's record. We censored follow-up time during periods of no use of any study drug.
Outcome measures
We defined two end points: completed suicide and the first attempted suicide during the study period, including completed suicides.
Completed suicide was defined by any coding for death associated with mention of suicide in free text entries or by a code for suicide in the medical record accompanied by a statement of death in the administrative record (30 days either way). For the completed suicide analysis we included patients with records of attempted suicide during the study period.
Attempted suicides were identified by a code for suicide attempts. We excluded records that at the review of free text notes did not seem to represent attempted suicide-for example, unintentional overdose or self harm without suicidal intent (see bmj.com).
Exposure to study drugs
We assumed that exposure to any study drug began on the day after the prescription date and extended to 14 days after the imputed end of the prescription, based on number of pills supplied and dosing instructions. If there was no gap between the imputed end of a first prescription plus 14 days and the date of the subsequent prescription for the same drug, then we concatenated the two periods to represent a continuous episode of treatment. We concatenated subsequent prescriptions similarly. Each participant could experience multiple episodes of treatment for one or more study drugs.
When prescription records indicated concomitant use of multiple antidepressants, including non-study antidepressants, we assumed there was a switch in therapy. When switching therapy participants could have been exposed to more than one antidepressant for a short period, and we accounted for this "overlap with other antidepressant" in the stratified and multivariable analyses. We also examined the effect of allocating usage time for only seven days after the imputed end of a prescription.
Analysis covariates
To account for potential confounders we identified known risk factors for suicide, including the severity of underlying disease. The confounders we considered were age, sex, diagnosis for study inclusion (depression or anxiety, or both), suicide attempts, major life events, lifestyle factors, family history of psychiatric morbidity, psychotropic comedications, and psychiatric comorbidities. Age was categorised into the groups 18-29, 30-59, and 60 or more years. We also evaluated chronic and disabling nonpsychiatric morbidities that are known to be associated with onset or worsening of depression. We estimated severity of depression and depression that was resistant to treatment using proxies such as admission to hospital and referrals to specialist mental health services, history of antidepressant treatment, antidepressant multitherapy, and number of other previous antidepressants. We also used an initial prescription of 14 days or less as a proxy for clinician perceived risk of suicide. Because the first 30 days of treatment with antidepressants have been associated with a higher risk of suicide, 10 we coded this period separately.
At the start of each treatment episode we reassessed confounding factors that could change throughout follow-up (for example, psychotropic therapy). We derived confounders for any time and for one month, one year, and ever before an episode of treatment, as appropriate.
Statistical analysis
For each drug group we calculated the incidence rate (95% confidence intervals) for completed suicide and first attempted suicide by dividing the number of outcomes by the total person time of use of each drug (person years at risk). We evaluated the potential confounding effect of each covariate by comparing unadjusted and adjusted incidence rate ratios using Mantel-Haenszel methods.
For each outcome we built a time dependent Cox hazards regression model. Follow-up time was linked to calendar time. Time zero was set at 1 January 1995. Patients could contribute usage time to more than one treatment. To avoid saturation of the statistical model in the completed suicide analysis we limited the analysis covariates to age, sex, age-sex interaction, overlap with other antidepressants, and the 10 confounders associated with the largest changes of the adjusted incidence rate ratio of venlafaxine with each comparator. This resulted in 24 analysis covariates because we introduced those confounders identified in more than one paired comparison (for example, venlafaxine versus citalopram, venlafaxine versus fluoxetine, and venlafaxine versus dothiepin) only once in the model. The larger number of outcomes in the attempted suicide analysis allowed us to include in the model all the variables that modified the adjusted incidence rate ratios. We estimated hazard ratios (95% confidence intervals) for each treatment comparison and for each potential confounder in the model. All analyses were carried out using SAS for UNIX software (version 9.1).
Results
Overall, 219 088 patients aged 18-89 years who were prescribed venlafaxine, citalopram, fluoxetine, or dothiepin from 1995 to 2005 were identified from the general practice research database. The distribution of the population characteristics across drug groups and analysis covariates used in the completed and the attempted suicide analyses were similar. Table  1 provides data from the completed suicide analysis only.
Distributions of age and sex were consistent across drug groups (table 1) . Most patients (90.5%, n = 198 231) had a diagnosis of depression as opposed to anxiety. About 25% of patients had both diagnoses, and this proportion was higher among patients treated with venlafaxine (35.4%, n = 7725) than among those treated with fluoxetine (22.0% n = 20 893), citalopram (27.3%, n = 16 073), or dothiepin (23.9%, n = 10 387). Patients prescribed venlafaxine also showed signs of more severe or difficult to treat depression. For instance, history of other antidepressant therapy, history of antidepressant multitherapy, and history of treatment with three or more antidepressants were more common among patients treated with venlafaxine (table 1) . Furthermore, proxies of depression severity, such as admission to hospital for psychiatric disorders and referral to specialist mental health care, were more common among those prescribed venlafaxine than those prescribed comparator drugs (table 1) . Previous attempted suicide was twice as common among venlafaxine users than among citalopram or fluoxetine users. Other suicide risk factors, including psychotropic therapy and family history of psychiatric disorders, were also more common among venlafaxine users (table 1). Distribution of chronic or incapacitating morbidities known to be associated with depression did not differ across drug groups. Similarly, bereavement or marital problems were equally distributed across groups (table 1) .
Incidence rate and hazard ratio
The completed suicide analysis encompassed 54 events over 173 452 person years for use of any study drug, and the first attempted suicide analysis encompassed 3060 events over 169 735 person years at risk. The incidence rate of both completed and first attempted suicide was higher for venlafaxine treatment than for each comparator treatment (table 2) .
Mantel-Haenszel adjusted incidence rate ratios were calculated for both the completed and the attempted suicide analyses (data not shown). In both analyses, adjustment for the higher risk of suicide during the first 30 days of treatment consistently increased the incidence rate ratio in each comparison. For most confounders, however, adjustment was associated with a reduction in the incidence rate ratio. History of antidepressant therapy, including antidepressant multitherapy and psychotropic therapy, and previous suicide attempts had the strongest confounding effect on the association between venlafaxine and completed or attempted suicide.
Unadjusted and adjusted hazard ratios were calculated for venlafaxine compared with each study drug. The unadjusted risk of completed suicide was more than twice as high during venlafaxine treatment. Adjustment for the measured confounders in the completed suicide models, however, reduced the excess risk by at least 50% in each paired comparison (table 3) . The unadjusted risk of attempted suicide was also higher during venlafaxine treatment compared with citalopram, fluoxetine, and dothiepin treatments. The hazard ratio was substantially reduced after adjustment for measured confounders (table 4) .
When the extended time at risk was reduced from 14 to seven days after the imputed end of a prescription, the adjusted hazard ratio of venlafaxine compared with citalopram increased from 1.70 (95% confidence interval 0.76 to 3.80) to 1.87 (0.81 to 4.29) in the completed suicide analysis and from 1.20 (1.07 to 1.34) to 1.23 (1.10 to 1.37) in the attempted suicide analysis, but such an increase was inconsistent across comparisons (table 5 ).
Discussion
The antidepressant venlafaxine was associated with a higher risk of suicide compared with citalopram, fluoxetine, and dothiepin. Venlafaxine users had a higher burden of risk factors for suicide, however, and adjustment for measured confounders substantially reduced the excess risks. While these data may reflect a causal association between venlafaxine use and suicide, given the substantial attenuation of this association after adjustment for confounding and the nature of the data, it is possible that residual confounding could explain much or all of the remaining risk.
Venlafaxine use in this study population of adults was associated with markers of severe and difficult to treat depression, with psychiatric comorbidities, and with previous treatment with psychotropic agents such as antipsychotics and mood stabilisers. 16 Admission to hospital for a psychiatric disorder and specialist care, family history of psychiatric morbidities, and a history of suicide attempts were also more prevalent in venlafaxine users. Furthermore, venlafaxine users were twice as likely to have an overlap prescription for another antidepressant, suggesting more frequent switching of drugs. Patients may switch antidepressant drugs owing to failure to achieve the desired therapeutic effect, suggesting that venlafaxine users had severe or treatment resistant depression. 
Research
In our study, suicide rates were consistently higher across study drugs during the first 30 days of a treatment episode, confirming that starting antidepressants is associated with a higher risk of suicide. 8 The study also confirmed that markers for severity of psychiatric morbidity were associated with an increased risk of suicide and suicide attempt in each drug group.
Confounding
Pharmacoepidemiological studies are potentially confounded by indication; factors associated with choice of therapy may also be risk factors for the study outcome. Although a randomised clinical trial can eliminate such confounding, this design is not feasible to evaluate such rare outcomes as suicide. The richness of longitudinal records in the UK general practice research database allowed us to adjust for many factors associated with the risk of suicide and with the selection of antidepressant treatment, but it is possible that our adjustment was incomplete. The ability to control for confounding depends on the accurate measurement of potential confounders. Even when the sensitivity and specificity of the confounder measures are 90%, more than 30% of confounding remains uncontrolled. 20 Adjustment for misclassification of this magnitude would move the point estimate for the risk of completed suicide for venlafaxine compared with citalopram from 1.70 to 1.39, and for attempted suicide from 1.20 to 1.07. We anticipated that data for defining referrals to mental health care and admission to hospital, as well as data on prescriptions, were appropriate and comprehensive. Psychiatric diagnoses, however, may be undiagnosed or misclassified to a noticeable extent. Most notably, severity of disease, a strong determinant of suicide risk, could only be measured indirectly. Furthermore, recognised risk factors for suicide, such as hopelessness, impulsivity, and abuse (child, domestic, or sexual), [21] [22] [23] unemployment, poverty, social isolation, and suicidal ideation, are not routinely recorded in the general practice research database and could not be accounted for in this analysis. Adjustment for measured confounders substantially reduced the excess risk of suicide associated with venlafaxine. As the amount of residual confounding tends to reflect the overall confounding in the data, 20 24 adjustment for measured confounding was unlikely to fully compensate for a potential bias introduced by systematic channelling of more severely depressed patients towards venlafaxine treatment. We suspect that correction for this residual bias could result in further change of the effect estimates towards the null value.
Study strengths and limitations
The major strength of this study was the large study population and the completeness of longitudinal records for assessment of drug use and measurement of risk factors. We also confirmed many of the expected associations with risk factors, such as markers of depression severity, and suicide risk. As with any retrospective study using secondary data, however, this study had several limitations, including lack of direct measurement of disease severity and partial assessment of some variables such as major life events that are likely to be inconsistently recorded in the general practice research database. The potential for some exposure and outcome misclassification should also be considered. We imputed drug use and time at risk on the basis of fully comprehensive prescription records from the database. However, prescribing within the secondary care setting might have been missing, leading to potential underestimation of drug use in more severe patients under psychiatric care. To impute duration of prescriptions and time at risk we made assumptions; overall compliance with treatments was also assumed. We used a sensitivity analysis to evaluate whether reducing the duration of drug use after the imputed end of prescriptions from 14 to seven days affected the relative risk estimate. Shortening the definition of time at risk only marginally and inconsistently increased the relative risk estimates and did not lead to a substantial difference in study results.
One of the strengths of the general practice research database is the high quality of information on mortality, including cause of death. 11 18 None the less, in secondary data cause of death is associated with some misclassification, all the more given the nature of this specific study outcome, since completed suicide is most often an unwitnessed event and loaded with social stigma. Although we identified completed suicide in accordance with procedures previously published and validated 10 11 potential misclassification and under-ascertainment cannot be ruled out. We would anticipate that misclassification of completed suicides is less likely among people with most severe depression-that is, patients taking venlafaxine-who can be expected to be more closely monitored. Attempted suicide represented a less clearly defined outcome and non-differential misclassification, which may bias the relative risk towards the null, could occur.
Conclusions
We found a higher risk of suicide associated with venlafaxine compared with citalopram, fluoxetine, and dothiepin, which could reflect a causal association. However, because venlafaxine was channelled towards patients with more severe and treatment resistant depression, adjustment for measured risk factors could have left residual confounding that could explain some or all of the excess risk associated with venlafaxine.
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What is already known on this topic
The risk of suicide during treatment with commonly prescribed selective serotonin reuptake inhibitors and tricyclic antidepressants is similar
The risk with venlafaxine, however, has not been evaluated in population based studies
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